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1 
This invention relates fo an improved porous 
resinous material particularly suitab!e-for use in 
the manufacture of shoe lasts and fo a process 
for m01ding articles such as lasts. 
In the copending application of McltoEillan and 
Olson, Serial No. 61,154, fi!ed November 20, 1948, 
there is disclosed a new type of strong, light, 
porous, resinous material which is formed by 
heating a mass oï granules of resinous material 
containing a blowing agent. The heat softens the 
resinous granules and causes evolution oï gas 
ïrom the blowing agent so that the granules ex- 
pand fo fill the intergranular spaces and fuse to- 
gether fo form a continuous cellular structure of 
substantially nonporous material the cells of 
which are filled with porous resinous material. 
If is a feature oï the present invention fo pro- 
vide an improved material similar in structure fo 
that disclosed in said copending application but 
having dditional strength and_ resistanc6 to 
shock through a new combination of materials. 
These and other features are described below 
and are illustrated in the accompanying draw- 
ings, in which: 
Fig. 1 is a sectional elevation of a mold filled 
with the new molding material according fo the 
present invention; 
Fig. 2 is a sectional elevation showing the hard, 
strong, porous molded material; 
Fig. 3 is a drawing from a photomicrograph of 
a cut and polished section of the cellular material 
of the present invention; and 
Fig. 4 is a perspective view of a last turned 
from the molded material. 
In accordance with the present invention there 
are"combined a butadiene acrylonitrile copo]y- 
mer containing af least 20% of acrylonitrile, a 
heat-hardening phenolic resin capable of react- 
ing with the copolymer to form a cured reaction 
product, and an elastomeric compound which is 
hot reactive with phenolic resin. These materials 
are intimately mixed, for example in a mill, and 
a blowing agent is incorporated in the mLxture. 
The mixture is sheeted out, cooled and sub- 
divided into granules. These granules are then 
disposed in a mold, for example a simple tubu- 
lar mold as shown in Fig. 1, and areheated fo 
cause soïtening of the resin and evolution of gas 
from the blowing agent. Heating is continued 
to cause reaction between the butadiene acry- 
lonitrile copolymer and the phenolic resin. 
The evolved gas expands the individual solid 
granules to fill the intergranular spaces and fo 
ïorce the faces of the expanded granules into con- 
tinuous contact with the _sùrfaces of adjacent 
granules and with the surfaces of the mold. The 
molded article is then removed from the mold. 
" The .intimate mixture.of phenolic resin, a bu- 
tadiene acrylonitrile copolymer and nonreactive 
elastomeric comPound softens, at a temperature 

2 
below that ai which the blowing agent develops 
substantial blowing pressure, fo a readily de- 
formable and tacky condition so that the granules 
are readiiy expanded under the action oï the 
5 blowing agent fo fill the intergranular spaces and 
bond with adjacent expanded granules. During 
the continued heating the phenolic resin reacts 
with the butadiene acrylonitrile copolymer to 
form a material which is strong and firm vhen 
0 cooled. The elastomeric compound does hot react 
with the phenolic resin and ifs exact physical 
state or condition in the cured material has hot 
been ïully established. The elastomeric material 
may be present in the form of a solid solution in 
5 the resinous material, or may be present as 
dispersed bodies such as fibers or sheets or may 
be present in some other form. Whatever be the 
form in which if is present, if exerts a remarkable 
toughening effect so that the material is sub- 
20 stantialïy more resistant fo shock or suddenly 
applied stresses or blows than is a similarly pre- 
pared material comprising phenolic resin and 
butadiene acrylonitrile copolymer without the 
elastomeric compound. 
25 As illustrated in Fig. 3, the product obtained 
possesses a special structure resulting ïrom the 
expansion and fusing together of the resinous 
granules. This structure comprises a continuous 
cellular framework (shown as thick limes ) of 
30 substantially non-porous resinous material de- 
fining enclosed spaces or cells 8 which are filled 
with an expanded resinous materiaL This non- 
porous cellu!ar structure or framework apparent- 
ly contributes fo the mechanical strength of the 
35 product. Also the area oï fused together sur- 
face formed by the fusing t0gether during expan- 
sion of the resinous granules, is large and unites 
the mass which had consisted of separate gran- 
ules into a strong integral body which showsno 
40 tendency fo separate along lines corresponding fo 
junctures between granules in the initial com- 
position. This novel structure wherein the resin- 
ous material possesses the resistance fo shock 
obtained through the combination oï phenolic 
4 resin, butadiene acrylonitrile copolymer and 
elastomeric compound possesses toa remarkable 
degree the characteristics desired for lasts for 
shoemaking. 
Suitble phenolic resins for use in the compo- 
50 sition of the present invention include the com- 
mercially available resins known as Durez lesin 
12687 obtained from the Durez Plastic & ChemA- 
cals Company, of North Tonawanda, New York, 
.which is understood .fo be a condensation, of 
5 cashew nutshell off and another phenol reacted 
with an aldehyde. t is understood that this is 
oï the type of resin described in United States 
Letters Patent No. 2,203,206, granted June 4, 1940, 
upon application of Alvin F. Shepard et al. Other 
60 resins vhich have been round suitable are Mon- 
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anto phenol-aldehyde resins 378 and L-9718, 
and a pheriolic resin identified as # 12315 obtained 
from the General Electric Company. These lat- 
ter are understood to le straight phenolic resins 
especially adapted for reaction with butadiene 5 
acrylonitrile copolymer rubber. 
Butadiene acrylonitrile copolymer synthetic 
rubbers which may ïoe employed in the composi- 
tion of the present invention are the materials 
known as ttycar OR25 and ttycar O115 which 10 
are understood to contain, respectively, 33% and 
45% acrylonitrfle and which are obtained from 
the B. F. Goodrich Company, of Akron, Ohio. 
Other copolymer rubber such as Chemigum N3 
and N4, which are obtained from the Goodyear 15 
Tire and lubber Company, of Akron, Ohio, Buta- 
prenes obtained from Firestone Tire and lubber 
Company, of Akron, 'Ohio, and Perbunans ob- 
taned from Enjay Company, of New York, New 
York,may ïoe used provided they contain at least 20 
.0% acrylonitrile. To-obtain the desired plasti- 
cizing action of the copolymer on the resinous 
material there-.will be employed from 30 fo 100 
parts of the butadiene-acrylonitrile copolymer to 
100-parts of the phenol-aldehyde resinous mate- 25 
rial. 
TIê comportent which combines vith the a.bove 
materiats to improve resistance to shock par- 
ticularly fitting the material for the special use 
as a last material is an elastmeric compound 30 
whch is not reactive with the phenolic resin. 
Natural rubber is Particularly satisfactory for 
this use; but there may be used other elastomeric 
compounds such as polyisoprene, .copolymers of 
butadiene and styrene containing 30 to 70% sty- 35 
rene, and polyisobutylene. These materials may 
be-empl0yed in the ratio of from .0 fo 75 parts, 
preferably from 45 to 55 parts .by weight of the 
butadiene acrylonitrile copolymer. 
Compatible low-melting plasticizers, such as a 40 
coumarone-indene plasticizer or a conventional 
plasticizer for phenolic resins, may be added for 
the usual purposes. 
With the resinous material there may oe in- 
corporated suflicient blowing agent fo maintain 45 
the volume of the material and to insure satis- 
factory molding pressure. A preferred range is 
frOm3 to 15 parts ,by weight of a ,blowing agent 
to 100 parts by weight of the resinous mate- 
rial. Any conventional blowing agent may ïoe 50 
Sed but it häs .been round that the bl0wing 
agents, sodium bicarbonate plus stearic acid, and 
a ..blowing .agent understood to be biuret and 
urea obtained from the Sherwin Wflliams Com- 
pany, are-particularly satisfactory. 55 
If bas een observed that in compositions in- 
cluding a curing agent such as hexamethylene- 
tetramine, .which evolves ga's during the curing 
cycle, the conventional bloving agent may ïoe 
employed in reduced-proportion or even elimi- 60 
nated. If is to be underst0od that in the speci- 
flcation and claires reference fo a 'blowing agent 
includes such gas generating agents, even ttiough 
they.serve to give an additienal effect. 
65 
Thè .blowing agents may be compounded .with 
the resinos material on a mill Or in a Banb.ury 
mixer or in any other mixing equipment. The 
temperature of mixing inust .be kept ,below that 
value t which the blowing agent gènerates gas, 70 
and With the above agents it bas been ïound 
that Satisfactory mixingcan be obtained at tem- 
peratures of ïrom 140 ° to 200  F. The mixture 
is shèeted out and permitted fo cool fo a fri- 
able mass and is then broken up into granules 75 

of a desired size. For use in a last, granules o 
ïrom  of an inch to about /4 of an inch have 
been round very satisïactory. For other uses the 
material may be reduced to a powder or may 
be used in even larger particle sizes, 
The composition comprising the resinous ma- 
terial and the blowing agent is satisfactory for 
use in forming tough, strong articles; but for 
various purposes, including improving the cold 
fiow characteristics and reducing the cost of the 
material, there may be employed a filler such 
as clay, channel black, calcium carbonate or 
other known mineral filler. A quantity of lïller 
up to a veight approximating or even slightly 
exceeding the total .weight of the resinous mate- 
rial and plasticizer may ,be employed. The filler 
will be incorporated in the resinous material .by 
the saine procedure and at the saine rime as, or 
before, incorporation of the blowing agent. 
A mold (see Fig. 1) which may be used in f0rm- 
ing an article using the material of the presen 
invention may comprise an open ended mold  
of cirular cross section tapering slightly toward 
one end for ease of removal of the molded mate- 
rial, and end plates 2 secured over the open 
ends of the mold by tie bolts   
The granules  containing a blowing agent 
are placed in the mold  in quantity to substan- 
tially fill the mold, the end plates 2 are secured 
in position by the tie bolts  and the assembly 
is subjected to heat sufficient to soïten the par- 
ticles and to cause them fo expand under the 
action of the blowing agent. A heat treatment 
of approximately three hours ai 135 ° C. bas been 
round satisfactory to cause expension and sinter- 
ing of the granules and curing of the material 
cornprising, the defined phenolic resin, a butadiene 
acrylonitrile copolymer synthetic rubber and the 
non-reactive elastomeric compound. 
The molded block  (see Fig. 2) is removed 
from the mold and may be turned or otherwise 
shaped for the manufacture of articles such as 
a last   (see Fig. 4). 
The following examples are given fo assist in 
understanding the invention. It is to be under- 
st0od that the invention is hot limited to the 
materia]s, proportions, or operational details dis- 
cl0sed in the examples. 
Example i 
arts by weigh 
Butadiene acrylonitrfle copolymer (Hycar 
O115) .............................. I00 
Cashew nutshell off phenol aldehyde resin 
(Durez 12687) ........................ 150 
Pale crepe rubber ......... . ...... . ........ 50 . 
Sulfur ..........................  ...... 10 
ZnO ................................... 5 
Benzothiazyl disulfide .................. _ 3 
Stearic acid ......... . ................... 2.5 
lYlineral filler (Dixie Clay) -_ ............. 30 
Diazo amino benzene .................... 5 
The above materials wèe mixed on.a Ban- 
bury mixer at a temperature which varied ïrom 
140 ° fo .200 ° F. Thè mixture was sheeted out and 
permitted to cool t0 a frfable condition. , The 
cooled material was then broken upto a particle 
size comprfsing granules ranging from ï fo ¼ 
inch. These granules were, then poured into a 
heatel mold at a temperaturèbf 100 ° c.in quan- 
tity sufficier/t ïto Completely-iïll- tl/e mold " Thë 
temperature of the m01d as br0ugh to 120 ç C 
and maintained at that temPerture for hree 
hours. The mold and its contënts ,wee ,co)led 
and tliê móld emoved fr0m,tliemoldè d article: A 
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iast (see Fig. 4) was turned ïrom the molded 
block oï.materialland was round highly satisfac- 
tory for the lasting of shoes. 
Examçe 11 
 - Parts by weight 
Cashew nutshell oil-phenol aldehyde resin 
(Durez 12867) ....... = .......... = ....... 300 
Butadiene acrylonitrile copolymer rubber 
-(Hycar O125) ...... = .................. 200 
Pale crepe rubber ........................ 100 
Mineral filler (Dixie Clay) ............... 60 
Diazo amino benzene = .................... 7 
The above materials were mixed, sheeted out 
and .granulated as in Example I. The granules 
were poured into a hot mold at a temperature oï 
135! C. and were cured ïor three hours at 135 ° C. 
The mold was then cooled and the molded ma- 
terïal removed from the mold. A last turned 
from the molded block was ïound to be excep- 
tionally strong and resistant to ïracture under 
the most severe conditions encountered in its use 
in making shoes. 
E:mple 111 
Parts by weight 
Cashew nutshell oil-phenol aldehyde resin 
(Durez 12867) ......................... 300 
Butadiene acrylonitrile copolymer rubber 
(Hycar O125) ......................... 200 
Polyisobutylene (Vistanex B120) .......... 100 
Mineral filler. (Dixie Clay) ............... 60 
Diazo amino benzene ..................... 7 
The above materials vere mixed, sheeted out 
and granulated as in Example I. The granules 
Were poured into a hot mold af a temperature oï 
135 ° .C. and were cured for three hours at this 
temperature. The molded material was then re- 
moved from thè mold. A last turned ïrom the 
molded block .was .round quite satisfactory ïor 
use in making shoes. 
Having described my invention, what I claire 
as new and desire to secure by Letters Patent of 
the UnitedStates is: 
1. Material possessing strength and resistance 
to shock comprising a network of relatively thick 
mëmbranes oï substantia!ly nonporous resinous 
materà defining cells and thinner membranes of 
thèsämë resinous material subdividing said cells, 
Said resinous material comprising the reaction 
product oï a thermosetting resinous condensation 
product oï an aldehyde and a phenol with buta- 
diene acrylonitrile copolymer rubber containing 
ai least 20 % oï acrylonitrfle and an elastomeric 
compound which is hot reactive with the phenolic 
resin, said copolymer and the phenol aldehyde 
resin being present in the ratio oï 100 to 300 
parts of the phenol aldehyde resin to 100 parts 
of the copolymer, the elastomeric compound be- 
ing present in the ratio of ïrom 20 to 75 parts fo 
100 parts oï the copolymer. 
2. A last possessing the strength and resistance 
to shock necessary ïor use in the making oï shoes 
comprising a shaped body oï material composed 
of a network of relatively thick membranes oï 
substantially nonporous resinous material de- 
fining cells and thinner membranes of the same 
resinous material subdividing said cells, said 
resinous material comprising the reaction prod- 
uct of a thermosetting resinous condensation 
product oï an aldehyde and a phenol with buta- 
diene acrylonitrile copolymer rubber containing 
ai least 20 % of acrylonitrfle and an elastomeric 
compound which is hot reactive with the phenolic 
resin, said copolymer and the phenol aldehyde 

resin being present in the ratio oï 100 to.300 parts 
oï the phenol aldehyde resin to 100 parts oï the 
copolymer, the elastomeric compound bèing-pres- 
ent in the ratio oï from 20 to 75 parts to 100 
5 parts oï the copolymer. 
3. A material possessing the strength and re- 
sistance to shock necessary ïor use as a last ma- 
terial comprising a network of relatively thick 
membranes of substantially nonporous .resinous 
10 material defining cells and thinner membranes 
oï the same resinous material subdividing said 
cells, said resinous material comprising the re 
action- product of a thermosetting resinous con- 
densation product of an aldehyde and a phenol 
15 with butadiene acrylonitrile copolymer rubber 
containing af least 20% of acrylonitrile, and 
natural rubber, said copolymer and the phenol 
aldehyde resin being present in the ratio oï 100 
to 300 parts oï the phenol aldehyde.resin to 100 
20 parts of the copolymer, the natural rubber being 
present in the ratio oï ïrom 45 fo 55 parts to 100 
parts of the copolymer. 
4. A material possessing the strength and re- 
sistance to shock necessary for use as a last ma- 
25 terial comprising .a network oï relatively thick 
membranes of substantially nonporous resinous 
material defining cells and thinner membranes 
of the same resinous material subdividing said 
cells, said resinous material comprising the .re- 
30 action product of a thermosetting resinous con- 
densation product of an aldehyde and a phenol 
with butadiene acrylonitrile copolymer  rubber 
containing at least 20 % oï acrylonitrile-and poly- 
isobutylene, said copolymer and the phenol alde- 
5 hyde resin being present in the ratio of 100 to 
300 parts of the phenol aldehyde resin.to 100 
parts of the copolymer, the polyisobutylene being 
present in the ratio of ïrom 45 to 55 parts to 100 
parts of the copolymer. 
40 5. A material possessing the Strength and re- 
sistance to shock necessary ïor use as a last ma- 
terial comprising a network of relatively .thick 
membranes of substantially n0nporous reinous 
material defining cells and thinner membranes 
45 oï the saine resinous material subdividing said 
cells, said resinous material comprising the re- 
action product oï a thermosetting resinous con, 
densation product oï. an aldehyde and a .phen01 
with butadiene acrylonitrile copolymer rubber 
50 containing at least 20% oï acrylonitrile and a 
butadiene styrene copolymer containing from 30 
to 70% styrene, said buadiene acrylonitrile co- 
polymer and the phenol aldehyde resin being 
present in the ratio of 100 to 300 parts oï the 
55 phenol aldehyde resin to 100 parts of the buta- 
diene acrylonitrfle copolymer, the butadiene sty- 
rene copolymer being present in the ratio oï ïrom 
45 to 55 parts to 100 parts of the butadiene- 
acrylonitrfle copolymer. 
80 6. The process of molding which comprises the 
steps oï substantially filling a mold with dense 
granules of a resinous material comprising a 
thermosetting resinous condensation product oï 
an aldehyde and a phenol, a butadiene acrylo- 
65 nitrfle copolymer rubber, an elastomeric com- 
pound which is hot reactive with the phenol 
aldehyde resin, and a blowing agent within the 
granules oï resinous material, heating the 
granules to soïten the resinous material and to 
70 cause the blowing agent to expand the granules 
to establish molding pressure and to force the 
surfaces of the expanded granules into contact 
with the surfaces of adjacent granules and to 
sinter together the contacting surface portions 
 of the granules into a continuous network of rela- 



2»602y198 

7 
ively,,thïck :membranes of resinons material de- 
fining cells, the expanded resinous material of the 
irteriorof .the granules forming thinner mem- 
branes subdividing said .cells, and continulr .the 
heating to complete the-reaction between, the 
phenol:aldehyde resin and the copolymer. 
7. The process of molding which comprises the 
steps o incorporating a blowing agent in a heat- 
softening, resinous material comprising 100 parts 
of-..a .butadiene acrylonitrile copolymer rubber 
contäining_at least. 20% of acrylonitrile, 100 to 
300 parts of a thermosetting .resinous condensa- 
tion. product of an aldehyde and a phenol, and 
from 20 to 75 .parts of natural rubber, dividing 
the:.resinous material into dense granules from  
inch to /4 ' inch in size, placing in a mold a quan- 
,titF. oï ':'granules suIficient to give the desired 
density .to.the .final molded product, heating the 
material, to a temperature suflïcient to soften the 
resinous-material and to cause the blowing agent 
t-expand.the granules to establish molding pres- 
sure and to force the surfaces of. the expanded 
granules into contact with the surfaces of adja- 
cent granules and to sinter together the contact- 
ing-,surface portions of the granules into a con- 
tinuous network of relatively thick membranes 
Of- resinous material defining cells, the expanded 
resinous material.of.the interior of the granules 
forming thinner membranes .subdividing .said 
cells, -and continuing heating to effect a curing 
reaction between the .butadiene acrylonitrile co- 
polymer rubber and the condensation product. 
8. The process of molding which comprises the 
steps of incorporating a blowing agent in a heat- 
softening resinous material comprising 100 parts 
of .a.butadiene acrylonitrile copolymer rubber 
containing .at least 20% of acrylonitrile, 100 to 
3{}{} par.ts of a thermosetting resinous condensa- 
tion product of an aldehyde and a phenol, and 
from 20 to 75 parts of butadiene styrene copoly- 
mer ,containing from 30% to 70% of styrene, 
div.iding £he resinous material into dense granules 
from t inch to /4 inch in size, placing in a mold 
a quantity of granules suflicient to give the de- 
sired density to the final molded, product, heating 
the materialto a temperature sufficient fo soften 
the-resinous material and to cause the blowing 
agent,to expand the .granules to establish mold- 
ingpressure and to force the surfaces of the. ex- 
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8 
panded granules into contact with .the .surfaces 
of adjacent granules aE to sinter together, the 
contacting surface portions.of the granules into 
a continuous network .of relativelF thick mem- 
5 branes of resinous material defining cells, the 
expanded resinous material of the interior of the 
granules forming thinner membranes subdividing 
said cells, and continuing heating to effeC, a 
curing reaction between the butadiene, acr-y!o- 
10 nitrile copolymer rubber arid the condensati0 n 
product. 
9. The process of molding which comprises .the 
steps of incorporating a blowing agent in a heat- 
softenirg resinous material comprising 1{}0 parts 
15 of a .butadiene acrylonitrile .copolymer rubber 
containing at least 20% of acrylonitrfle» 1{}0 fo 
300 parts of a thermoset£ing xesinous condensa- 
tion product of an aldehyde and a phenel, and 
from 20 to 75 parts of polyisobutylene, dividing 
20 the resinous materia[ into dense, granules from  
inch .to /4 inch in size, placing in a mold a quan- 
tity .of granules suflïcient to give the. desired 
density to the final molded product, and heating 
the material to a temperature suflïcient to soften 
25 the resinous material and to cause the blowing 
agent to expand the granules to establish molding 
pressure and to force .the. surfaces, of the ex- 
panded granules into.contact vith the_sufaces 
of adjacent granules andto sinter .together the 
30 contacing surface portions, of the granules.into 
a. continuous network 'of relatively .thick mem- 
branes of resinous material defining .cells, the 
expanded resinous material of the interior of the 
granules forming thinner membranes subdividing 
35 said cells, and continuing heating to effect a cur- 
ing reaction between the butadiene acrylonitrile 
copolymer rubber and the condensation, produc. 
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